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Disease modifying drugs for rheumatoid arthritis: yesterday's
treatment today or today's treatment tomorrow?

T. PULLAR
Clinical Pharmacology Unit, Departments of Medicine and Pharmacology, University of Leeds, Leeds

Introduction

In the past few years I have heard two statements
which may be pertinent to the drug treatment of
rheumatoid arthritis. The first of these, 'the
effective treatment for rheumatoid arthritis is on
the pharmacy shelf; all we must do is identify it'
was a didactic statement by an eminent rheuma-
tologist. The second statement, by a somewhat
less eminent and more cynical individual, was,
'if we stopped all research over the next 5 years
and expended the same energy in applying the
knowledge we already have, patients would be
better off'. I wish to explore the truth of these
two statements with respect to potentially
disease-modifying anti-rheumatoid drugs
(DMARDs) and, in the process, to examine the
past, current and future status of such therapy.

Disease modifying anti-rheumatoid drugs
(DMARDs)

DMARDs, also known as second line drugs,
D-penicillamine-like drugs or slow-acting anti-
rheumatoid drugs (SAARDs) are characterised
by their ability to improve both routine clinical
and laboratory indices of inflammation and
probably also affect the outcome of the disease
(i.e. retard structural damage to the joints). This
is in contrast to non-steroidal anti-inflammatory
drugs which affect clinical but not laboratory
indices and have no beneficial effect on disease
outcome (Table 1). Cytotoxic drugs, traditionally
known as third line drugs, have similar proper-
ties and also fit into the category of DMARDs.

'Off the shelf treatments for rheumatoid arthritis

It is certainly true that most drugs which have
some ability to alter disease activity and out-
come in rheumatoid arthritis were introduced
for other purposes. Intra-muscular gold was

initially used for the treatment of tuberculosis.
It was only similarities between tuberculosis and
the condition which later became known as
rheumatoid arthritis, and a belief that it too
might be caused by a mycobacterium, which led
Forestier (1929) to introduce gold thiopropanol
sodium sulphonate for this condition. His initial
success and the early UK experience gained in
Leeds (Hartfall et al., 1937a,b) was confirmed
in the first double-blind placebo-controlled trial
in rheumatology (Fraser, 1945) which was
carried out in Glasgow. This was confirmed
further by the Empire Rheumatism Council
Study (1960). That controlled trials were felt
necessary, may reflect the fact that, although a
significant advance, gold was by no means a
'cure' for the disease. The use of injectable gold
has evolved over the years from short courses to
long-term treatment, but despite its use for most
of this century we are little wiser than Forestier
was as to how it produces its clinical effect.

Discovery of the anti-rheumatoid properties
of antimalarials owed even more to serendipity.
In 1951 a report was published of two patients
with malaria treated by mepacrine in whom co-
incidental lupus erythematous improved (Page,
1951). This prompted further studies in connec-
tive tissue diseases, and the first published
placebo controlled trials of chloroquine
(Freedman, 1956) and hydroxychloroquine
(Hamilton & Scott, 1962) in rheumatoid arthritis.

Penicillamine was first used clinically in 1956
in the treatment of Wilson's disease (Walshe,
1956). Because it could dissociate certain macro-
globulins in vitro it was tried in rheumatoid
arthritis, and was found to reduce the titre of
rheumatoid factor. This finding, although it is
now thought to be unrelated to its mode of
action, led to a multicentre placebo-controlled
trial which proved its efficacy (Multicentre Trial
Group, 1973). The activity of penicillamine is
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Table 1 Comparison of effects expected from non-steroidal anti-
inflammatory drugs and disease modifying anti-rheumatoid drugs

Non steroidal
anti-inflammatory
drugs (NSAIDs)

Disease modifying
anti-rheumatoid

drugs (DMARDs)
Rate of onset
of action
Pain score

Articular index
(count of tender joints)
Duration of morning stiffness
Hand grip strength
Erythrocyte sedimentation rate
Plasma viscosity
C-reactive protein
Haemoglobin
Platelet count

Albumin
Serum thiols
Rate of radiological deterioration
Rate of functional deterioration

now thought to be related to its possession of a

thiol group, and for this reason tiopronin, a thiol

containing compound used in Wilson's disease,

and captopril, an ACE inhibitor which possesses

a thiol group, were investigated and found to

have 'disease modifying' activity (Martin et a!.,

1984; Pasero et a!., 1982). Another ACE in-

hibitor, pentopril, which possesses no thiol

group has been found to have no such activity
using the 'Leeds patient model system' (Dixon
et a!., 1982) which coffelates changes in clinical

parameters with changes in laboratory para-

meters (Bird et a!., 1990). In an attempt to

investigate whether penicillamine acts via its

metal chelating properties, another chelating

agent used in Wilson's disease, trien, was tried

in the Leeds patient model system but found

ineffective (Dixon et a!., 1984).
Sulphasalazine was synthesised initially be-

cause it was thought that the combination of an

anti-inflammatory and antibiotic might be bene-

ficial in 'rheumatic polyarthritis' and ulcerative

colitis (Svartz, 1942). The outcome of an open

controlled trial comparing sulphasalazine with

i.m. gold and 'no specific treatment' (Sinclair &

Duthie, 1949), delayed its widespread use in

rheumatology by over thirty years. However,

this trial had a number of serious shortcomings.
It had small numbers (20 patients per group), a

smaller maintenance dose was used compared
with earlier studies, all patients were initially

hospitalised for at least 4 weeks (mean = 9

weeks) and in many patients assessments were

carried out many months after cessation of

therapy. This study found neither suiphasalazine
nor gold (the 'positive control') to be any differ-

ent from 'no specific treatment'. Despite these

shortcomings and the results of another con-

trolled study published the following year

(Kuzell & Gardner, 1950) sulphasalazine fell

into disrepute for the treatment of rheumatoid

arthritis. It was reintroduced because of its struc-

tural similarity to dapsone, another effective

'off the shelf' drug first studied because of the

similarities between rheumatoid arthritis and

leprosy (McConkey et al., 1976), and because

both were effective in dermatitis herpetiformis.
This open trial found it to be effective (McConkey
et al., 1978) and once again this resulted in a

controlled trial which confirmed efficacy (Pullar
et al., 1983). Although Svartz's original hypo-
thesis concerning the sulphonamide antibiotic

may still explain its efficacy, the presence of 5-

ASA seems to be of no relevance (Pullar et al.,
1985a). The efficacy of sulphasalazine and

sulphapyridine has resulted in investigation of

other antibiotics. Two open trials of rifampicin,
an interesting choice in view of Forestier's

original hypothesis, have disagreed concerning
its efficacy (Cox et a!., 1989; McConkey &

Situnayake, 1988). Ciprofloxacin, another

broad spectrum antibiotic, appeared ineffective
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Disease modifying anti-rheumatoid drugs

in one open study (Mortiboy & Palmer, 1989).
Although the efficacy of sulphapyridine has
been confirmed (Neumann et al., 1986) there
have been conflicting reports on the efficacy of
another sulphonamide sulphamethoxazole,
(Ash et al., 1986; Astbury et al., 1986). This
poses the question whether-or not the efficacy of
sulphapyridine is due to its antimicrobial effect.
Another antimicrobial, in this case an anti-
helminthic, whose use pre-dated the reintroduc-
tion of sulphasalazine was levamisole. It was
tried initially in rheumatoid arthritis because of
its immunomodulating effect. Despite con-
trolled trials showing efficacy (Multicentre
Study Group, 1978) it has fallen into disuse
because of toxicity. Phenytoin, another drug
known to alter immune function, has also been
investigated in rheumatoid arthritis and found to
improve clinical and especially laboratory para-
meters of inflammation, but apparently to a
much lesser extent than sodium aurothiomalate
(Richards et al., 1987).

Stanozolol, an oral anabolic steroid with
fibrinolytic activity, has also been shown to
reduce disease activity in one controlled trial
(Belch et al., 1986). The rationale for its use was
the finding of reduced fibrinolytic activity in
patients with rheumatoid arthritis. Side effects,
in particular virilisation, have again precluded
long term use. Another anabolic steroid,
nandrolone decanoate, is probably ineffective as
a disease modifying agent (Bird et al., 1987).

Haloperidol appeared promising in an open
study (Grimaldi, 1981), perhaps due to its effect
of stabilising platelet membranes. Thalidomide,
which like dapsone also is useful in leprosy, has
recently been investigated in an open fashion
and appears to have disease modifying effects
(Gutierrez-Rodriguez et al., 1989). Cyclosporin
A has been investigated intensively in rheumatoid
arthritis. The general conclusion is that it does
have disease modifying activity, but its useful-
ness is limited by its nephrotoxicity (Dougados
et al., 1988; Weinblatt et al., 1987). Other 'off
the shelf' drugs which have been investigated
but found ineffective in rheumatoid arthritis
include feverfew (Pattrick et al., 1989), zinc
sulphate (Dixon et al., 1984), etidronate (Bird
et al., 1988a), pamidronate (Ralston et al., 1989)
and desferrioxamine (Polson et al., 1986)
whereas the retinoic acid derivative, etretinate,
has been found to have some activity (Bird et al.,
1988b).
The 'cytotoxic drugs' azathioprine, metho-

trexate, and chlorambucil, were all introduced
for the treatment of malignancy, but have
proven effective in rheumatoid arthritis. How-
ever the dose regimens are often very different

for rheumatoid arthritis. There has also been
interest recently in the use of recombinant inter-
ferons in rheumatoid arthritis, but any beneficial
effect seems to be slight (Cannon et al., 1989).
Finally, although Hensch had postulated the
efficacy of an adrenal cortical hormone in rheu-
matoid arthritis before its isolation, it was not
primarily for the treatment of rheumatoid
arthritis that cortisone was produced (Weiss,
1989). Table 2 summarises the various 'off the
shelf drugs which have been investigated.
Thus the majority of established disease

modifying agents were originally developed for
other reasons, and many more 'off the shelf'
drugs have been tested and found to have some
activity.

Tailor made drugs

Relatively few drugs have been designed specifi-
cally as DMARDs. The only example currently
in routine use is auranofin, an oral gold com-
pound which appears to have efficacy towards
the lower end of the spectrum (Wright, 1984). A
number of other drugs such as clobuzarit and
pirinomide have been developed specifically as
DMARDs but were never licensed because of
problems with toxicity. Two drugs which were
developed for the treatment of inflammatory
arthritis and were generally regarded as non-
steroidal anti-inflammatory drugs probably did
have some disease modifying activity, namely
fenclofenac (Nuki, 1983) and benoxaprofen
(Anon, 1982). Both were withdrawn from the
market because of toxicity. Currently a number
of new drugs including romazarit, a close rela-
tive of clobuzarit, OM-8980 (Hanzeuer &
Appelbaum, 1989) and timegadine (Egsmose et
al., 1988) are being investigated specifically as
DMARDs.

'Off the shelf treatments of the future

Historically, therefore, the major advances and
most of the clinical research in DMARD therapy
have involved drugs already available for the
treatment of other conditions. This is a cheap
alternative to developing a new entity, with the
attendant high risk of failure, for a fairly small
therapeutic field. Treatments were not, however,
plucked at random from the pharmacy shelf, but
were chosen because known pharmacological
effects suggested that they might alter processes
thought important in the pathogenesis of rheu-
matoid arthritis at the time. It might appear with
hindsight that the established efficacy of many of
these drugs owes more to serendipity than
science. However, we are even now ignorant of
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Table 2 'Off the shelf drugs which have been investigated for the treatment of
rheumatoid arthritis

sodium aurothiomalate
D-penicillamine
(hydroxy)chloroquine
sulphasalazine
methotrexate
azathioprine
cyclophosphamide
captopril
pentopril
5-ASA
sulphapyridine

rifampicin U

ciprofloxacin Pri

sulphamethoxazole U

levamisole

phenytoin
rela

stanozolol

nandrolone decanoate

haloperidol
thalidomide

cyclosporin A
-y-interferon

rela
pamidronate
desferrioxamine

dapsone
trien
zinc sulphate
etretinate

etidronate

feverfew

tiopronin
* Leeds patient model system.

Effective

Yes
Yes
Yes

Yes
Yes
Yes
Yes

Probably
No

No

Yes

Jnresolved
robably not

Jnresolved

Yes
Yes but
atively slight
Yes

No

Probably

Probably

Yes

Yes but
atively slight
No

No
Yes
No
No
Yes

No
No

Yes

Studies

Blind vs placebo
Blind vs placebo
Blind vs placebo
Blind vs placebo
Blind vs placebo
Blind vs placebo
Blind vs placebo
* Open uncontrolled
* Open uncontrolled

Open vs sulphapyridine
Open vs 5-ASA
(blind assessments)
Open uncontrolled

Open uncontrolled

Open vs placebo
(observer blinded)
* Open uncontrolled

Blind vs placebo
Open vs gold

Blind vs placebo
Open vs placebo
(observer blinded)
Open uncontrolled

Open uncontrolled

Blind vs placebo

Blind vs placebo

Blind vs placebo

Open uncontroled

Open uncontrolled
*Open uncontrolled

*Open uncontrolled

*Open uncontrolled

*Open uncontrolled

Blind vs placebo
Blind vs penicillamine

Used in standard
clinical practice

Yes

Yes

Yes
Yes
Yes
Yes
Yes
No

No

No
No

No
No
No

No

No

No
No

No

No
No
No

No
No

No

No

No

No

No

No

No
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the pathogenic process in rheumatoid arthritis.
It is apparent that as our knowledge of the
disease process grew, aspects which might be
altered by drug treatment became apparent.
Some of the drugs examined were already well
established in the treatment of other conditions.
Others had recently been developed, perhaps
because of increasing knowledge of the nature
of other diseases.

Further advances in our understanding of
rheumatoid arthritis will be needed if we are to
decide rationally which other drugs might prove
useful. These drugs may already be available, or
we may have to await their development related
to increased knowledge in parallel areas of
medicine, for example in the prevention of
organ transplant rejection or the treatment of
AIDS. We may therefore find effective
DMARDs on the pharmacy shelf in the future,
but it is likely that they are not there at present.
Greater knowledge and understanding of the
underlying disease process will be necessary
however to enable us to identify drugs as promis-
ing. The fact that future treatments may well be
'off the shelf' rather than 'designer' does not
therefore negate in any way the necessity for
basic research into the pathogenesis of rheu-
matoid arthritis. On the contrary greater
rewards may emerge from such research than
might be expected if we confined ourselves to
drugs developed specifically for rheumatoid
arthritis.

Research vs application

The second statement for discussion in relation
to DMARDs is the suggestion that the next 5
years would be better spent utilising current
knowledge clinically rather than on further
research. This presupposes that we already have
sufficient factual knowledge of the optimal use
of current treatments, as opposed to conjecture
or 'standard practice' on which clinical use of
these drugs should be based. It assumes also that
this knowledge is not being applied at present.
Thirdly it assumes that the failure to apply this
knowledge can be rectified by time and effort.

Current state of knowledge

What do we know about second line or disease
modifying drugs? By definition, when given to
the right patients for 6 months or more, and
provided they are tolerated, they cause sympto-
matic improvement and changes towards normal
in laboratory indices of inflammation. There is a
high drop out rate because of toxicity and because

of failure to respond. With the possible exception
of methotrexate there is a broad correlation
between efficacy and toxicity. It seems very
likely, considering recent papers by Borg et al.
(1988) and Van der Heijde et al. (1989) that
DMARDs do slow both radiological progression
and functional deterioration. The first of these
papers describes an intention to treat analysis in
patients with early rheumatoid arthritis who
were randomised to auranofin or placebo. After
2 years there were significant differences be-
tween the groups although more than 50% of
placebo treated patients had started DMARDs,
28% of auranofin treated patients had changed
treatment, and the mean delay in starting
DMARD therapy in the placebo group was 8
months. Van der Heijde and her colleagues
(1989) examined radiological progression during
treatment with sulphasalazine and hydroxy-
chloroquine for 1 year, and found that sulpha-
salazine significantly retarded radiological pro-
gression. The difference was maintained over
the next 2 years despite changes in treatment
(Van der Heijde et al., 1990).

Current state of uncertainty

Many aspects of treatment such as dosage
schedules, monitoring schedules and the order
of use of drugs owe much to collective experi-
ence and standard clinical practice. Unrealistic
advice is sometimes given regarding dose
schedules. For example the data sheet for peni-
cillamine (Distamine) recommends that the
'minimum maintenance dose to achieve suppres-
sion of symptoms should be used'. In fact these
drugs rarely suppress symptoms entirely. In
practice the dose is often increased only until
clinical improvement is achieved although there
is evidence that higher doses may produce a
greater response (Martin et al., 1982a, b). Again,
sulphasalazine appears to be more effective at
doses higher than those generally used (Pullar et
al., 1985b). This difficulty is underlined by
evidence that we do not yet know our expecta-
tions from the use of such drugs (Scott et al.,
1989), that different rheumatologists may have
different expectations (Symmons et al., 1989),
and that even when we know what we want we
cannot agree whether or not we have achieved
it (Kirwan et al., 1984).

Recently it has been argued that we should
change our approach to the management of active
rheumatoid arthritis from the so-called 'pyramid'
approach which uses, in escalating order, drugs
of increasing efficacy and toxicity when less
effective treatments have proven unsatisfactory.
The alternative approach is the 'step down
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Figure 1 a) 'Step down bridge approach', b) my own pyramid approach.

bridge' in which effective but potentially toxic
drugs such as prednisolone and methotrexate
are introduced early, in combination with other
drugs such as sodium aurothiomalate, auranofin
and antimalarials (or penicillamine or sulpha-
salazine). Subsequently the more potent drugs
are withdrawn stepwise when disease control is
achieved, but may be reintroduced at times of
relapse (Healy & Wilske, 1989) (Figure 1). Such
a regimen may expose patients unnecessarily to
toxic drugs. The development of adverse effects
such as leukopenia, thrombocytopenia, rash or
oral ulceration would present a diagnostic
nightmare, and could preclude the use of many
valuable therapeutic agents in one fell swoop.
The 'bridge' approach has been criticised recently
by Hess & Luggan (1989).
With the traditional pyramid approach there

is uncertainty about the best method of using
these drugs in combination. It seems a sound
principle to avoid use of two drugs when one will
suffice. Almost all studies of combined therapy
have been designed in a way which may result in
many patients receiving two drugs unnecessarily.
Many have compared drug A alone with drug A
+B in combination from the outset, or have
introduced drug B after a short period on drug
A alone irrespective of response (Bunch et al.,
1984; Gibson et al., 1986; Martin et al., 1982a;
Sievers & Hurri, 1963; Taggart et al., 1987). Not
surprisingly these study designs often show that
combination treatment is superior. This out-
come could occur without any synergistic or
additive effect within individual patients. If we
assume for example that 20% of the patient

population are unresponsive to drug A, and a
different 20% are unresponsive to drug B, then
96% of patients will respond to combined treat-
ment even if drug A produces no additional
benefit to drug B responders or vice versa. In
another study either drug B or placebo were
added in double-blind random fashion to the
regimen of patients who showed a poor response
to drug A alone (Martin et al., 1982b). With this
study design superiority of the combination
would again hardly be surprising. The question
of real clinical relevance is whether in cases of
partial response drug B should be used instead of
drug A, or should be added to drugA (Figure 2).
Another area of uncertainty in the clinical use

a
DrugA
DrugBB
Drug A + B

b aill Du
Drug A patients Drug A

Drug A+ B
partialc responders DrugA

Drug A
Drug A + B

partial
d responders Drug B
DrugA

DrugA+ B

Figure 2 Different designs for studying combination
therapy. Only in design d) is superiority of the
combination regimen likely to imply a synergistic or
additive effect and answer a valid clinical question.

antimalarials
or

azathioprine
or

sulphasalazine
or

penicillamine
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of DMARDs is which patients should receive
them. Standard policy is to treat patients with
active disease whose symptoms are not con-
trolled by analgesics or non-steroidal anti-
inflammatory drugs alone. Symptomatic re-
sponse in this situation is independent of initial
laboratory measures such as ESR (Pullar &
Capell, 1986). The current trend is to start
treatment earlier in the course of the disease
(Spector et al., 1988), and to treat patients with
milder disease. With the advent of less toxic
drugs such as sulphasalazine and auranofin this
is a more acceptable option. The work of Borg
et al. (1988) would certainly support earlier use.
However there remains the counter-argument
that earlier use and use in milder categories of
disease may cause unnecessary drug toxicity.

There is no general agreement on the order of
use of drugs in the 'pyramid' approach, although
'milder' less toxic drugs such as the antimalarials
or sulphasalazine are often used first. There is no
accepted rank order of these drugs as regards
efficacy, with authors disagreeing to some extent
in their semi-objective analysis of the literature
(Furst, 1990; Pullar, 1990). It is however probably
accepted that sodium aurothiomalate is the most
effective (and toxic) of the second line drugs
excluding the cytotoxic agents.
Why is there so much uncertainty about the

clinical use of these drugs? Although they are
doubtlessly effective, the mean improvement in
inflammatory parameters observed is only about
50% (Scott et al., 1990) and this varies from one
parameter to another. Thus large numbers are
required even to demonstrate a difference
between active drug and placebo. To detect a
difference of 10 mm h-1 fall in ESR between two
drugs with an a = 0.05 and a 1 - , = 0.9, the
sample size required would be 400 patients com-
pleting a 6 month study. The drop-out rate is
usually about 40%. It has been stated that
prednisone and methotrexate are the only two
medications which do not require a statistician
to prove their efficacy (Healy & Wilske, 1989),
although many British rheumatologists might
dispute the truth of this for methotrexate. From
a pragmatic point of view, however, the relative
efficacy of these drugs may be of little importance
as the discontinuation rate is such that most
patients will require more than one agent over
the course of their disease. The final choice of
agent is therefore likely to be dictated by the
tolerability and efficacy in a particular individual
(Pullar et al., 1985c; Situnayake et al., 1987).

Further reasons for the poor state of knowledge
regarding the clinical use of these drugs are the
'softness' of many measurements of short-term
efficacy, and the length of time required to see

convincing effects on outcome. Pronounced
early symptomatic responses make prolonged
conventional placebo controlled comparisons to
examine outcome measurements, such as radio-
logical progression virtually impossible, and
explain why there has been so much uncertainty
about the effect of these drugs on radiological
progression (Pullar et al., 1984; Pullar & Capell,
1985).

Improved application of current knowledge
Despite the uncertainties surrounding the use of
these drugs some changes in practice based on
our current knowledge would probably improve
the lot of the patient. Earlier referral to a rheu-
matologist may lead to earlier and more effec-
tive use of DMARDs in patients with active
disease. Currently the median time to referral is
20 months, and the median time to DMARD
therapy is a further 5 months (Spector et al.,
1988). Assuming a waiting time of about 2
months before clinic attendance, then rheu-
matologists start DMARD therapy very soon
after first seeing the patient. Better clinical
documentation of objective and semi-objective
measures of inflammation, and perhaps of out-
come, may identify those patients who require
further therapeutic intervention earlier and
more effectively. A large proportion of poor
responders to penicillamine are known to have
poor compliance (Pullar et al., 1988). If com-
pliance with these drugs was improved, response
and outcome might be enhanced.
However it would be wrong to assume that we

need merely apply current knowledge to the
clinical use of these agents to make major
changes in the effect of treatment. One could
argue that opportunities to improve practice are
wasted when these drugs are used outwith care-
fully organised controlled clinical trials which
aim to define their optimal use.

Conclusions

One does not need a statistician to prove the
efficacy of prednisolone, at least in terms of
short term benefit. New 'off the shelf' or 'designer'
drugs are needed with this degree of short term
benefit coupled to a greater beneficial effect on
long-term outcome and less toxicity. Thus more
basic research is needed to produce more effec-
tive agents, and more clinical research and
evaluation is also necessary to allow more
effective use of the relatively ineffective
armamentareum currently available.
I should like to thank Dr H. A. Capell and Dr M. P.
Feely for their comments on the manuscript and Mrs
M. E. Smith for typing it.
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